The objective of this study was to explore the antioxidant levels and anticancer properties of chicory cultivated using three different kinds of fertilizers (i.e., developed, organic, and chemical) in the presence and absence of pesticides. Phenolic phytochemicals, including total polyphenols and flavonoids, and antioxidant activities, including reducing power, ABTS + and DPPH radical scavenging activity, were analyzed using several antioxidant assays. HepG2 cell viability was analyzed using the MTT assay. The antioxidant properties of chicory were found to increase when cultivated with chemical fertilizer in the absence of pesticides. On the other hand, antioxidant capacity was higher in chicory cultivated with eco-developed fertilizer even in the presence of pesticides. Chicory grown using eco-developed or organic fertilizer was more effective in suppressing the proliferation of HepG2 cells when compared to chicory grown with chemical fertilizer. This effect was time dependent, regardless of treatment with or without pesticides. In conclusion, the antioxidant activity of chicory were affected by the presence or absence of pesticides. However, developed and organic fertilizers showed a strong anti-proliferative effect against HepG2 cells, regardless of the presence or absence of pesticides.
Introduction
The growing world economy has improved the clinical diagnosis and treatment of many chronic diseases, but the incidence of diseases like cancer has increased rapidly and is remains the leading cause of mortality worldwide [1] [2] [3] .
Moreover, medical costs for such chronic diseases are very high [4] . Therefore, to cope with the increased incidence of chronic diseases, it is necessary to take preventive measures by changing one's lifestyle, including food habits. The diet plays a crucial role in regulating the expression of many genes and therefore it plays a vital role in health and diseases [5, 6] . Hence, intake of the right kind of diet can help avert many chronic diseases [7, 8] . Phytochemicals in fruits and vegetables have been reported to induce changes in the expression of many genes that are involved in health and diseases [9] . One of the well-known sources of phytochemicals is vegetables, which are high in antioxidants and play an important role in averting chronic diseases like cancer and cardiovascular disease [10, 11] .
In the past, the agriculture industry was mainly concerned with increasing the production of crops. Therefore, different kinds of chemical fertilizers and pesticides were utilized [12, 13] . Extensive usage of such chemicals greatly improves the productivity of food crops, but with compromised nutritional status. In 2011, the magazine Scientific American reported that the nutrients of carrots in the 1970s were higher than in carrots today, because of the depletion of nutritional ingredients in the soil resulting from extensive use of fertilizers and pesticides, greenhouse cultivation, and genetically modified species of crops has led to the production of fruits and vegetables with lower nutritional value [14] .
Vegetables with higher nutritional value have greater demand in the consumer market. However, nutritional components, such as the content of antioxidants and other phytochemicals including total polyphenols and flavonoids, of vegetables depends on several factors such as the type of fertilizer [12, 15, 16] and pesticide [17] , maturity [18] , and planting period [19] .
Among the different vegetables, we focused on chicory (Cichorium intybus L.) for several reasons. Chicory is a chrysanthemum family plant with a wealth of health benefits. Being rich in phenolic compounds (e.g., flavonoids and polyphenols), it has antioxidative and anticancer effects [20] [21] [22] . The highest levels of phenolic compounds and highest activities of antioxidants are found in the leaves of chicory than other parts [23] . It is enjoyed with different meals as a salad. To improve the beneficial properties of chicory, interventions are needed. Instead of chemical pesticides, the use of organic fertilizers like compost and vermicompost has become a welcomed practice recently. Organic fertilizers have received more attention worldwide due to the growing concern over environmental safety and human health issues. On the other hand, it remains controversial as to whether crops cultivated by organic agriculture are healthier than those cultivated with chemical fertilizers and pesticides [1, [24] [25] [26] [27] . There are no report available showing changes in the phytochemical profile of chicory cultivated with organic versus chemical fertilizer. Furthermore, no reports have demonstrated how changes in cultivation conditions affect chicory's antioxidant levels. Therefore, we cultivated chicory using organic or chemical fertilizer with or without pesticide to find out whether the pesticide and/or the type of fertilizer affect the nutritional value and health benefits of chicory.
Results and Discussion

Components of Chicory
Moisture was significantly higher in the non-pesticide groups compared to the pesticide-treated groups (Table 1) , and among the non-pesticide group, treatment with chemical fertilizer was beneficial for raising the moisture content in the chicory plants. As revealed by two-way ANOVA, the moisture content was affected by the fertilizer treatment as well as the pesticide availability (Table 2) indicating an interaction between pesticide and fertilizer. The amount of ash content varied, depending on the pesticide availability and fertilizer treatment; however, no interaction between pesticide and fertilizer was observed (Table 2) . Chicory plants treated with chemical as well as eco-developed fertilizer showed significantly higher amount of ash, regardless of pesticide availability. Shier et al. [28] reported that conventional farming conditions improve moisture contents compared to organic farming. Shier's and our results suggests that pesticide and fertilizer have an impact on ash and moisture availability, and moreover among the three different fertilizers tested, chemical fertilizer enhances the ash and moisture contents compared to organic (eco and org) fertilizers. 
Antioxidant Content (Total Polyphenols and Flavonoids) of Chicory
Pesticide and fertilizer had a direct effect as well as interaction effect on the amount of polyphenols in chicory; indicating that the total polyphenols content depends on the availability of pesticide and the type of fertilizer used. The NP-che group (162.14 mg GAE/g) showed the highest amount of polyphenols, followed by NP-org (127.05 mg GAE/g) and NP-eco (123.19 mg GAE/g). While in the pesticide group, the total polyphenol content was highest in LP-eco (136.88 mg GAE/g), followed by LP-org (118.28 mg GAE/g) and LP-che (116.18 mg GAE/g) (Figure 1a) . Under pesticide-free conditions the total flavonoids content in chicory cultivated with chemical fertilizer [NP-che (276.67 mg QE/g)] was higher compared to eco-developed and organic fertilizer [NP-eco (226.67 mg QE/g) and NP-org (238.33 mg QE/g)]. It was observed that in presence of pesticide, the eco-developed fertilizer yields highest level of flavonoids [LP-eco (258.33 mg QE/g)] (Figure 1b) . Reactive oxygen species (ROS) are chemically reactive molecules that damages organs by attacking lipids, proteins, and even DNA under conditions of oxidative stress [29] . Consumption of leafy vegetables containing high antioxidant averts many chronic diseases by acting as a scavengers and reducing agents that remove free radicals while being oxidized itself and thereby protecting the cells [30] [31] [32] [33] . Thus vegetable with phenolic compounds advocates its quality. Therefore there is always a quest for devising methods for improving the phenolic content in the vegetables. So far studies for improving phenolic profiles in vegetables using different fertilizer treatment led to different results. Some studies have reported that organic fertilizers had a better impact on plant phenolic composition than chemical fertilizers [34] , while others showed no significant difference in total phenolic content between organic and chemical fertilizer treated groups [15] . However, some studies have suggested that chemical fertilizers improve the phenolic content [21, 28] . It was also noticed that pesticide treatment affects the phenolic content of the plant [35] . As the phenolic compounds in the vegetable are considerably influenced by cultivar, season, and other environmental factors, therefore apart from the types of fertilizers, our results might be also influenced by the availability of pesticides.
Antioxidant Capacity of Chicory
We measured the reducing power and free radical quenching capacity of chicory by measuring the quenching of DPPH and ABTS + radicals. The two-way ANOVA showed significant results, indicating that both the fertilizers and pesticide had a direct and an interaction effect (P × F) on the reducing power and DPPH radical scavenging activity. The reducing power of extracts from chicory grown in the absence of pesticide showed results conflicting to that of extracts from chicory grown in pesticide-treated soil (Figure 2a ). In absence of pesticide, chemical fertilizer-treated group (NP-che) showed the highest reducing power. However, in the presence of pesticide, plants treated with eco-developed fertilizer (LP-eco) gave the highest reducing power. Moreover, this matched the levels of total polyphenols and flavonoids. Higher DPPH radical scavenging activity ( Figure 2b ) was observed in the chicory cultivated with chemical fertilizer without pesticide (NP-che: 61.63%). Extracts of chicory grown in pesticide-treated soil with eco-developed fertilizer followed by chemical fertilizer (LP-eco: 48.47% and LP-che: 51.67%) had higher DPPH radical scavenging activity compared to organic fertilizer. We thus observed that the DPPH radical scavenging activity was influenced by pesticide and/or fertilizer. Even though there was no significant direct or interaction effect, it was worth noting that the ABTS + radical scavenging activity of chicory extracts was similar to that of Trolox which was used as a positive control (Table 3) .
Some of the phenolics in chicory may act as antioxidants, and the antioxidant capacity of these phenolics is due to the hydrogen donating ability of hydroxyl groups in their structure [32] . These hydroxyl groups reduce radicals, therefore higher phenolics lead to higher antioxidant capacity [36] . Our data agree with the Velioglu et al. study [37] in which they reported that total phenolic and antioxidant activities are strongly associated each other. Accordingly, higher content of antioxidants was observed in chicory cultivated with chemical fertilizer in the absence of pesticide or grown using eco-developed fertilizer in presence of pesticide promoted raise in the antioxidants such as total polyphenols and flavonoids leading to higher antioxidant activities in these groups. 
Total Carotenoids and Vitamins of Chicory
The total carotenoids and Vitamin C levels are shown in Table 3 . The levels of total carotenoids were significantly higher in extracts of chicory grown with eco-developed fertilizer in the presence or absence of pesticide. The results for total carotenoids by two-way ANOVA showed significant effects of pesticide and fertilizer (Table 4) however no interaction between pesticide and fertilizer was observed for the outcome of total carotenoids, thus indicating that total carotenoid content differs depending on the addition of pesticide and the three different types of fertilizer but not on the interaction between pesticide and fertilizer. The levels of ascorbic acid were not changed by the types of fertilizer but were changed significantly with pesticide treatment (Table 4) as an about six-fold increase in vitamin C was observed in the pesticide group compared to the non-pesticide treated group. Plants synthesis vitamin C in response to chemical induced stress, one study showed that potato tubers treated with pesticide had higher level of vitamin C than control in order to cope the pesticide induced stress [38] . Therefore in this study also chicory plant cultivated in presence of pesticide to combat the pesticide induced stress, which was not observed as a result of fertilizer treatment. There was no significant difference observed in the folic acid levels among the groups; however, the folic acid level was higher in the eco-developed fertilizer group, irrespective of pesticide (Table 3 ) regardless of the presence or absence of pesticide. 
Weights and Length of Chicory
The weight and length of the chicory plant is shown in Table 5 . There was no significant difference observed in the weight or length of chicory plant with respect to fertilizer treatments. However, it was noticed that, the growth of the plant was influenced by the availability of pesticide (Table 4) while no interaction between pesticide and fertilizer was observed. The size of the chicory plant without pesticide treatment was smaller, whereas the size of the chicory plant grown with pesticide was bigger.
Ascorbic acid plays an important role not only as an antioxidant, but also in growth and development. Rashida et al. [39] and Esteban et al. [40] reported that ascorbic acid significantly increased along with fruit growth and development regardless of cultivars. As we observed that pesticide influenced the Vitamin C level, therefore it could be possible that high level of vitamin C might triggered the growth of the plant in response of the chemical stress induced by the pesticide [38, [41] [42] [43] . Three plants of chicory were randomly selected and measured weight and length. Two factors (weight and length) were non-significant in both NP and LP groups. NP: non-pesticide group; LP: low-pesticide group; eco: eco-developed fertilizer; org: organic fertilizer; che: chemical fertilizer; ns: non-significant.
Inhibitory Effect of Chicory on HepG2 Cells
The human hepatocellular carcinoma (HepG2) inhibitory effect of chicory was investigated in vitro using HepG2 cells (Figure 3) . The HepG2 cells were cultured for 24 h with extracts from chicory grown with different types of fertilizers in the presence or absence of pesticide. The direct effects of pesticide and fertilizer on HepG2 cells viability were significant, but no interaction was observed. The eco-developed fertilizer had an obvious inhibitory effect on HepG2 cells, both in the absence and presence of pesticide; however, the group with low pesticide and organic fertilizer also had a marked effect on the inhibition of HepG2 cell growth. In the absence of pesticide, the inhibition rate of NP-eco compared with the control was 28.91% while for LP-eco and LP-org it was 55.37% and 44.22% respectively.
These results indicate that the eco-developed fertilizer had a potent anti-proliferative effect against HepG2 cell. One of the reasons for the inhibitory effect could be due to content of carotenoids and vitamin C. It has been reported that carotenoids, a natural fat-soluble pigments that have isoprenoid polyenes, are effective against cancer development and act as chemopreventive agents [44] . Moreover, vitamin C is well known for its antioxidant activity, which is correlated with reduced risk of cancer development. However, the anticancer activity does not result for a single effect, but combined effects of several components found in vegetables and fruits [45] . Therefore, carotenoids and vitamin C could potentially inhibit cell growth by enhancing levels of antioxidants and the clearance of ROS in cancer cells. 
Experimental Section
Chicory Cultivation
Chicory (Cichorium intybus L.) was cultivated for 2 months in a vinyl greenhouse at Jeongeup, Korea. The whole growth process is managed through the Good Agricultural Practices (GAP) program certified by the National Agricultural Products Quality Management Service (NAQS). The Good Agricultural Practices program aims to control agricultural production from cultivation to sales by managing the soil, water, pesticides, fertilizers, and heavy metals that might remain on the crops. Through the GAP program fertilizers and pesticides were prescribed after analyzing the soil. ]. One of the greenhouses was kept untreated, while the other was treated with pesticide. Each house was divided into three sections that were fertilized with either eco-developed fertilizer (livestock excreta fermentation fertilizer FNC CTCF2; Yooyoo Korea Inc., Jeongeup, Korea), normal fertilizer (functional stevia fertilizer, livestock excreta high-grade fertilizer, Korean stevia; Jeongeup, Korea), or chemical fertilizer (14 ho; Dongbu Farm Hannong, Seoul, Korea) according to the fertilization standards recommended by the National Academy of Agricultural Science, Korea.
Establishment of Fertilizer and Pesticide
The eco-developed fertilizer section was established using eco-developed fertilizer (310 kg/10a) with mixed organic fertilizer (100 kg/10a, Green Soil N-P-K 4-1-3; Biogreentech Inc., Damyang, Korea). The normal fertilizer section was established using 310 kg/10a chemical fertilizer that was processed with chemicals before culturing (urea, 6 kg/10a; phosphatic fertilizer, 3 kg/10a; and potassium chloride, 9 kg/10a). The pesticide used was indoxacarb, which is commonly used as an insecticide. According to the maximum residue limits (MRLs) of pesticides used in Korea, 3.3 g of Indoxacarb was diluted into 20 L of water and applied once for the cultivation periods. Chicory plants were cultivated between 26 April and 30 May in 2014 for 28 days, which corresponds to the spring season. The experimental field design for the six treatments is shown in Table 6 . 
General Composition of Chicory and Reagents
After removal of foreign material in the collected chicory, it was ground using a stainless steel grinder (Hanil, Incheon, Korea) and freeze dried in a plastic bag. The moisture and ash content of the chicory was measured using the AOAC method. Table 7 . 
Sample Extraction
Freeze dried chicory powder (10 g) was extracted on an orbital shaker set at 120 rpm for 8 h at 37 °C with 250 mL of 80% ethanol. The supernatant of the mixture was collected in a beaker and pellets were re-extracted under identical conditions two more times. The collected supernatants were filtered using Whatman filter paper (Whatman™ No.1; Whatman International Ltd., Maidstone, England) and concentrated using a rotary vacuum evaporator (N-1110; Eyela, Tokyo, Japan) followed by freeze drying. The freeze dried samples were then stored at −20 °C until analysis. The final samples were diluted according to the requirements of the assays.
Phenolic Compounds
Total Polyphenol Assay
Total polyphenol content was determined using Folin-Ciocalteu's reagent and the method of Velioglu et al. [37] . Briefly, 2% sodium carbonate (2 mL, Sigma-Aldrich Co., St. Louis, MO, USA) was added to 100 μL of extract. After incubating for 3 min at room temperature, 50% (v/v) Folin-Ciocalteu's reagent (100 μL, Sigma-Aldrich Co.) was added. The mixture was incubated for 30 min at room temperature (RT), and the absorbance was measured at 750 nm using a UV-visible spectrophotometer (Shimadzu, Kyoto, Japan). The results are expressed as mg of gallic acid (Sigma-Aldrich Co.) equivalent per g of dry weight (mg·GAE/g).
Total Flavonoid Assay
Total flavonoid content in chicory was measured by using the method of Jia and Wo with slight modifications [33] . The extracts (25 μL) were added to 5% sodium nitrite (8 μL, Sigma-Aldrich Co.) and after 5 min of incubation at RT, 15 μL of 10% aluminum chloride hexahydrate (Duchefa, Haarlem, The Netherlands) was added. After incubation for 6 min at RT, 1 M sodium hydroxide (50 μL, Samchun Chemicals, Phyeontaek, Korea) was added and thoroughly mixed, and finally distilled water (27 μL) was added. The absorbance was measured at 530 nm using a microplate reader (MRX II; Dynex Technologies, Chantilly, VA, USA). Quercetin (Sigma-Aldrich Co.) was used as standard and the content of total flavonoids is represented as mg of quercetin equivalents (mg·QE/g).
Antioxidant Activity
Reducing Power
The reducing power of the chicory extracts (concentration: 1 mg·mL
) was determined by the method of Mau et al. [46] . Chicory extracts (250 μL) were mixed with 0.2 M sodium phosphate buffer (250 µL, pH 6.6) and 1% (w/v) potassium ferricyanide (Sigma-Aldrich Co.) followed by incubation at 50 °C for 20 min. Then, the extracts were mixed with 1% (w/v) trichloroacetic acid (250 µL, Sigma-Aldrich Co.) and centrifuged at 10,000 rpm (Micro 17R; Vision Scientific Co., Seoul, Korea) for 10 min. The supernatant (500 μL) was mixed with distilled water (500 µL) and 0.1% (w/v) ferric chloride (100 µL, Sigma-Aldrich Co.). The reducing power of the samples was detected by measuring absorbance at 700 nm using a spectrophotometer. ) was evaluated colorimetrically as described by Hatano [47] with modifications. 1,1-Diphenyl-2-picrylhydrazyl (DPPH, 160 μL, Sigma-Aldrich Co.) was added to the extracts (40 μL). After 30 min, the change in absorbance was measured. With the same concentration of Trolox, DPPH radical scavenging activity was calculated using the following formula: DPPH radical scavenging activity (%) = (control − sample/control) × 100
(1) ) was determined using 2,2′-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt (ABTS) according to the method described by Re [48] . To generate ABTS anions, 7.4 mM ABTS (Sigma-Aldrich Co.) and 2.6 mM potassium persulfate (Sigma-Aldrich Co.) were mixed and allowed to sit for a day. The ABTS ). The chicory extracts (50 μL) were added to diluted ABTS + antioxidants (960 μL), and the change in absorbance was measured after 30 min. Total antioxidant activity was calculated as a percentage (%) using a method identical to that used for a Trolox (Sigma-Aldrich Co.) standard.
Total Carotenoids
After adding hexane (50 mL) to freeze dried chicory powder (0.1 g), the samples were incubated for 1 h at RT. Then, the samples were centrifuged and 100 mL of supernatant was collected. Total carotenoids were measured at an absorbance of 483 nm using a UV-Vis spectrophotometer (V-550; Jasco, Japan) and calculated as follows:
Carotenoids (mg/100 g) = absorbance × vol. × 1000/E 1% 1mL (2592) × sample weight (g)
Vitamins
Metaphosphoric acid (4%, 7 mL) was added to freeze dried chicory powder (200 mg) and after extraction at 4 °C for 2 h, the samples were centrifuged at 9000 × g for 10 min (Beckman, Fullerton, CA, USA). The supernatant was collected and filtered with a 0.45 μm syringe filter and used for analysis. Vitamins were separated on a Capcell Pak C18 column (4.6 mm × 250 mm ID, 5 μm) along with mobile phases; 1.25 mM PIC B7 (1-heptanesulfonic acid sodium salt) + 1% acetic acid (v/v) (solvent A) and 1.25 mM PIC B7 + 1% acetic acid in methanol:water = 60:40 (solvent B) at a flow rate of 1.0 mL·min −1 at 40 °C and a sample injection flow rate of 20 μL. The content of vitamins was quantified using ascorbic acid and folic acid (Sigma-Aldrich Co.) as standards at an absorbance of 280 nm.
Cell Culture and MTT
Human hepatocellular carcinoma cell lines (HepG2) (Korean Cell Line Bank, Seoul, Korea) were initially maintained in Dulbecco's Modified Eagle's medium supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) and 1% antibiotics (Hycolone, Logan, UT, USA) in a humidified atmosphere of 95% air and 5% CO2 at 37 °C. The proliferation of HepG2 cells was measured using the MTT assay. HepG2 cells were resuspended at a final concentration of 1 × 10 4 and incubated overnight followed by the addition of different chicory samples and further incubation for 24 h. After completion of the incubation period, the spent media were replaced with fresh media containing MTT [3(4,5-dimetyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide, EZ-Cytox, Daeil Lab Service, Seoul, Korea] and incubated for 4 h followed by measurement of the absorbance at 450 nm using a microplate reader (MRX II, Dynex Technologies, Chantilly, VA, USA).
Statistics
All values are expressed as means ± standard deviation. In order to determine the effects of pesticide, fertilizer, and the interaction between pesticide and fertilizer, two-way factorial ANOVA was performed. Significant differences among values were determined by performing analysis of variance (ANOVA) and Duncan's multiple range test (MRT). Statistical significance was set at the p < 0.05 confidence level.
Conclusions
To summarize, this study focused on quantifying the antioxidant content of Cichorium intybus L., a plant generally enjoyed worldwide. There is still very limited information on its cultivation conditions with respect to enhancing its antioxidant capacity. The results of the experiments performed in this study proved that the type of fertilizer and pesticide did significantly affect the antioxidant properties of Cichorium intybus L. It was observed bigger plant size in the pesticide group along with vitamin C content. In addition to this, specifically, antioxidants including total polyphenols and flavonoids along with their antioxidant capacity measured as reducing power and DPPH radical scavenging activity were higher in chicory samples treated with chemical fertilizer and no pesticide and also higher in chicory samples treated with eco-developed fertilizer and pesticide. Total carotenoids and the HepG2 cells inhibitory effect were highest in the eco-developed fertilizer group under both conditions. Therefore, from this study, it can be concluded that eco-developed fertilizer shows more beneficiary effects compared to chemical fertilizers; however, more studies are required to explain why the antioxidant and antioxidant capacity was low for eco-developed fertilizer without pesticides. Finally, we demonstrated not only single effects of pesticides or fertilizers but also multiple effects on chicory.
